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Oil spills are one of the common occurrences in the Arabian Gulf either due to 
accidental spills from oil-related activities or due to marine transportation of oil. 
Studies on the toxicity of Arabian Light crude oil on marine aquatic organisms are 
limited. This work aims to study the toxicity of the Arabian Light crude oil, Water 
Soluble Fraction (WSF) of Arabian Light crude oil, Arabian Light crude oil plus a 
dispersant, Suspended Particulate Phase (SPP) of oil-based mud, and Solid Phase (SP) 
of oil-based mud on two animal models viz., the local Arabian Killifish (Aphanius 
dispar) and commercial Brine Shrimp (Artemia sp.) from Ocean nutrition, 
USA. Varying concentrations of Arabian Light crude oil and oil-based mud were 
prepared to determine the LC50 of Arabian Killifish (Aphanius dispar) for 96h, and the 
LC50 and EC50 of Brine Shrimp (Artemia sp.) for 48h of exposure.  The results show 
that the LC50 of Arabian killifish (Aphanius dispar) exposed to Arabian Light crude oil 
plus oil dispersant for 96h is 164.19 mgL-1, 262.90 mgL-1 for Dispersant, and 
137565.36 mgL-1 for Solid Phase (SP) of Oil-Based Mud. Whilst, LC50 of Artemia sp. 
exposed to the SPP of oil-based mud for 48h is 38.82%. Furthermore, the short-term 
(48h) toxicity tests show that EC50 of the cysts of the Brine Shrimp (Artemia sp.) 
exposed to the SPP of Oil-Based Mud is 5.01%, and 5.95% for WSF of Arabian Light 
Crude Oil.  The study indicates that Arabian Killifish (Aphanius dispar) can be used 
for short-term (96 h) toxicity tests using the Arabian Light Crude Oil plus the dispersant 
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Surfatron and the SP of oil-based mud. However, the WSF of Arabian Light crude oil 
and the SPP of oil-based mud do not show any mortality in Arabian Killifish (Aphanius 
dispar) for short-term (96 hours) toxicity testing.  This may be due to the concentration 
of toxic compounds (total PAHs) in WSF of Arabian light crude oil (39.55 ng/ml), and 
SPP of oil-based mud (345.58 ng/ml) was not high enough to kill the Arabian killifish 
for an exposure of 96 hours.  On the contrary, experiments on the Brine Shrimp 
(Artemia sp.) can be concluded that the Brine Shrimp (Artemia sp.) can be used and is 
more feasible for short-term toxicity tests on Arabian Light crude oil and oil-based mud 
(OBM).  
 

















 ألبنتاان أروم :  الكامل االسم
 أفانيوس) العريب الكليفش على الزيت من املستخرج واحلفر اخلام للنفط اخلفيف العريب للزيت البيئية السمية: ] الرسالة عنوان
 ([.سب أرمتيا) امللحي للمحلول التجاري نربيواجل (ديسبار
 [البيئية العلوم: ] الرئيسي اجملال
 [2017 ديسمرب: ] الشهادة اتريخ
 
 املرتبطة األنشطة من العرضية االنسكاابت بسبب إما العريب اخلليج يف الشائعة األحداث من واحدة هي النفط انسكاابت
 هذه. و حمدودة البحرية املائية الكائنات على اخلفيف العريب اخلام النفط مسية حول الدراسات إن، للنفط البحري النقل بسبب أو ابلنفط
 اخلام الزيت العريب، اخلفيف اخلام الزيت من املاء يف للذوابن الذائب اجلزء اخلفيف، العريب اخلام النفط مسية مدى حماولة جرت ،الدراسة
 على النفط على القائم الطني من (سب الطينية) والصلبة الطني،(  سب العالقة) اجلسيمات مرحلة مشتتة، ىلإ ابإلضافة العريب اخلفيف
 الوالايت التغذي، احمليط من (سب أرتيميا) التجاري الرباري نربيواجل (ديسبار أفانيوس) احمللي العريب والكليفيش احليوانية، النماذج من اثنني
 الكليفيش من  50LC كمية لتحديد الزيت من املستخرج والزيت اخلفيف العريب الزيت من خمتلفة تراكيز حتضري مت وقد، األمريكية املتحدة
 النتائج أظهرت، التعرض من ساعة  48ملدة (سب أرتيميا) الربمة ربينجل   EC50و 50LC و ساعة،  96ملدة( ديسبار أفانيوس) العريب
 -ملغل  164.19هو h 96ــل املشتت النفط إىل ابإلضافة العريب اخلام للزيت املعرضة (بارديس أفانيوس) احمللية األنواع من 50LC أن
 50LC حني، يف. النفط على القائم الطني من (سب الصلبة) ملرحلة- 1ملغل  137565.36و فقط، ملشتت - 1ملغل  1،262.90
 قصرية السمية اختبارات فإن ذلك، على وعالوة . ٪38.82 وه h 48 ــــــل النفط على القائم الطني من سب ــل يتعرض سب أرتيميا من
 على القائم الطني من سب لــــ تتعرض اليت (سب أرتيميا) التجاري املاحل نربياجل من اخلراجات من  50EC أن تبني (ساعة 48) األجل
 أفانيوس)  العربية كيليفيش احمللية نواعاأل أن الدراسة وأظهرت . العريب الضوء اخلام النفط من فسو  ــل ٪5.95 و ٪،5.01 هو النفط
 تشتت إىل ابإلضافة اخلفيف العريب اخلام النفط ابستخدام السمية اختبارات (ساعة96) القصري املدى على استخدامها ميكن (ديسبار
 القائم الطني من سب و العريب اخلام اخلام للنفط العاملي الصندوق يظهر ال ذلك، ومع. النفط على القائم الطني من سب و سورفاترون
 يعزى وقد، السمية اختبار ( ساعة 96) القصري املدى على (ديسبار أفانيوس) العربية كيليفيش احمللية األنواع يف وفيات أي النفط على
 اخلفيف العريب اخلام نفطلل الفرنسي السعودي الصندوق يف ابهليدروجني املشبعة اهليدروكربونية املركبات جمموع  السامة املركبات تركيز إىل ذلك
 96 ملدة لقتل الكفاية فيه مبا مرتفعا (مل / اننوجرام  345.58) النفط على القائم الطني من سب يكن ومل (مل / اننوجرام  39.55)
( سب يمياأرت) التجاري الرباري ربيناجل أن( سب أرتيميا)  التجاري الرباري ربيناجل على التجارب تستنتج أن ميكن ذلك،. وعكس ساعة
 (.أوب) الطني القائم والنفط اخلفيف العريب اخلام النفط على القصري املدى على السمية لالختبارات جدوى وأكثر استخدامها ميكن
 








Ecotoxicology is the study of the detrimental effects of chemicals or toxins on 
biological organisms. The effects could range from physiological disturbances in 
tissues and/or organs, which could eventually lead to mortality, resulting in a decline 
of the organism at the population level (Manahan, 2010). The initial stages of a marine 
organism such as the embryos and nauplii, juveniles of shrimps and juveniles of fish 
have been widely used in studies in the last decade to understand the quality of water 
in the marine environment. Organisms at this stage have a higher sensitivity than the 
adults and are highly recommended to evaluate the effects of toxicity.  (Fathallah et al., 
2011; Morroni et al., 2016). 
Aquatic toxicity or whole effluent toxicity (WET) tests are normally employed to 
evaluate the impacts associated with discharges into the marine environment from 
industries, oil and gas exploration, or production activities (Holdway, 2002; Martínez 
et al., 2007). An ideal candidate species for toxicity bioassay should have the following 
requirements: i) sensitivity to the contaminant, ii) abundance and availability 
throughout the year, and iii) amenable to culture in the laboratory (Stringer et al., 2012; 
Haschek et al., 2013). Acute aquatic toxicity would normally be determined using a 
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fish for 96 hours LC50, or a crustacean species for 48 hours EC50, and/or an algal species 
for 72 or 96 hours EC50 (USEPA, 2002).   
Crude oils pumped from reservoirs contain a mixture of chemicals that vary greatly 
depending on the source. They contain both hydrocarbons and non-hydrocarbons as 
constituents. Alkanes (straight, branched, or cyclic), aromatics (benzene, alkyl-
benzenes, or naphthalene), and polycyclic aromatic hydrocarbons (PAHs) are the major 
hydrocarbon fractions in crude oil (Wang et al., 2003; Worton et al., 2015). On the 
other hand, non-hydrocarbons including S, N, O, and metals (Gogoi et al., 2003) are 
also present. Total petroleum hydrocarbons (TPH) is a term used to identify several 
hundred organic chemical compounds originating from crude oil. When TPH is 
discharged directly to the marine ecosystem through oil spills or leaks, certain TPH 
fractions will float in water surface and make a thin layer film (Gros et al., 2014). Other 
heavier crude oil fractions will deposit on the sediments in the seabed, which may have 
a detrimental effect on fish and other marine organisms (Rodrigues et al., 2010).   
Water soluble fraction (WSF) is the solution containing low molecular mass 
hydrocarbons naturally formed by petroleum hydrocarbon mixtures in contact with 
seawater (Ziolli and Jardim, 2003). WSF of crude oil can have significant 
developmental effects on marine embryos even at ppm concentrations, leading to a 
decline in the survival of marine animals to reach adulthood (Incardona et al., 2012, 
2014, 2015; Nahrgang et al., 2017). Suspended particulate phase (SPP) testing can be 
used for the evaluation of the potential impacts of dissolved and suspended 
contaminants resulting from dredged materials (drilling mud) on marine organisms 
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(Apitz et al., 2005). The embryos and nauplii are very sensitive to oil spills because 
they are considered to be the most vulnerable life stages of marine organisms, which 
have a direct link to population consequences and resilience (Albers, 2002). 
The Arabian Gulf is one of the most productive areas in the world in terms of oil and 
gas exploration and production. There are more than 800 offshore oil and gas platforms 
and 25 major terminals in the Arabian Gulf. Some of them are the largest oilfields with 
the largest infrastructure for oil production in the world (Albano et al., 2016; Sheppard 
et al., 2010). An offshore oil spill is the  release of liquid petroleum hydrocarbons into 
the marine environment due to human activities, such as oil tanker accidents, blow outs, 
and carry over from drilling exploration, or due to natural disasters (Law and Kelly, 
2004).  In the 1991 Gulf oil spill, not less than 10.8 million barrels of crude oil was 
deliberately released into the Arabian Gulf. Much of the intertidal habitat remains 
severely contaminated with very large volumes of oiled sediments, even 12 years after 
the oil spill (Bejarano and Michel, 2010; Hussain and Gondal, 2008). Marine pollution 
can acutely affect the marine ecosystem because of the physical deterioration and toxic 
effects, which will have a devastating impact on humans and wildlife (Kaushik, 2006). 
The Arabian Gulf marine ecosystems are under significant stress both due to natural 
stresses such as high temperature and salinities, and anthropogenic stresses such as 
developmental activities in the coastal areas, including oil and gas exploration, loading 
and unloading of oil tankers, etc. (Danish, 2010).  Even though bioassays allow the 
preliminary testing for chemical effects on ecosystems, they are inadequate for 
predicting the effects on the natural populations and attributes of the ecosystem. (Reid 
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and MacFarlane, 2003).  The use of a wide range of sensitive marine species from 
several trophic levels is a more efficient and important approach for forecasting the 
detrimental hazards faced by the marine ecosystem (Farré and Barceló, 2003). 
Therefore, a wide range of sensitive aquatic species (fish, shrimp, and worms) were 
selected for marine ecotoxicity testing to understand the detrimental effects if any 
(USEPA, 2002). The Arabian Killifish (Aphanius dispar) is a fish commonly found in 
the coastal areas in the Arabian Gulf throughout the year. The use of this fish in Arab 
countries for disinfectant testing in the water cooling systems and toxicity of pesticides 
(Saeed et al., 2015; Shoaib et al., 2012) is still limited. Also, studies on toxicity testing 
of crude oil and drilling mud have not been widely published. Another species that can 
be used for bioassays is shrimp.  Brine Shrimp (Artemia sp.) is a commonly used 
saltwater organism for acute aquatic toxicity test. The aim of this study is to evaluate 
the feasibility of using these marine organisms as potential candidates for testing the 
ecotoxicity of Arabian Light crude oil (ALCO) and oil-based mud. 
 
1.2 Significance of the Study 
 
Studies focusing on using the local species Arabian Killifish (Aphanius dispar) and 
Brine Shrimp (Artemia sp.) are scarce.  In this study, the detrimental effects of Arabian 
Light crude oil and oil-based mud were tested on two candidate species, viz., Arabian 
Killifish (Aphanius dispar) and Brine Shrimp (Artemia sp.). Researchers have reported 
that the Arabian Killifish (Aphanius dispar) can be commonly used to determine the 
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toxicity of pesticides and insecticides in Oman (Ba-Omar et al., 2011; Shoaib et al., 
2012), and the effect of disinfectant in a cooling system plant in Qatar (Saeed et al., 
2015).  
 
1.3 Research Objectives 
 
The main objective of the study is to evaluate the feasibility of using the local and 
commercial marine species as potential candidates for testing the toxicity of Arabian 
light crude oil and oil-based drilling mud. 
The specific objectives of the study are to study the feasibility of using: 
1.  the local Arabian Killifish (Aphanius dispar) in acute toxicity (LC50) studies using 
Arabian light crude oil and oil-based drilling mud. 
2.  the commercial Brine Shrimp (Artemia sp.) in acute toxicity (LC50) studies using 
Arabian light crude oil and oil-based drilling mud. 
3.  the commercial Brine Shrimp (Artemia sp.) in sublethal toxicity (EC50) studies using 





2.1 Selection of Marine Organism for Ecotoxicity Test  
 
Selection of a suitable marine organism as a potential candidate for ecotoxicity testing 
is important because each organism responds  differently to any known toxicant, which 
largely depends on the type of species and the ecosystems in they are found  (Maltby 
et al., 2005). Some of the marine species extensively used in research and applied 
toxicology are microalgae for testing the effect of insecticide in the aquatic 
environment (Maltby et al., 2005), shrimp for testing the ecological impacts of oil 
refineries (Wake, 2005), fish for determining the toxic effects of an oil spill on fish 
early life stages (Edwards et al., 2003), and sea worms for toxicity assessment of heavy 
metals (Banni et al., 2009). 
Local species may provide more representative results for the assay of the sensitivity 
of marine animals to the toxic substances in the ecosystem (Embry et al., 2010). 
Arabian Gulf is a marginal, semi-enclosed sea unique for its environmental setting.  
Depth in the Gulf decreases from east to west with a maximum depth of 90 m in the 
Strait of Hormuz (Agah et al., 2009). The water sea surface temperature in the offshore 
waters range from 16oC in the winter to 32oC in the summer, while coastal bays and 
lagoons have an even wider temperature fluctuation ranging from 10oC to as high as 
40oC.  The lack of significant river runoff,  high evaporation rates (2m/yr.), and limited 
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water exchange with the Indian Ocean raise the overall salinity in the Arabian gulf up 
to 42 PSU offshore and over 60 PSU in some restricted shallow coastal areas of the 
Western Arabian Gulf (KFUPM/RI, 2008, 2010).  
This uniqueness of environmental conditions has led the marine organisms in the 
Arabian Gulf to demonstrate a specific pattern of adaptation to environmental stresses 
and anthropogenic stresses (Sheppard et al., 2010). Among the numerous toxicants in 
the Arabian Gulf are residual chlorine, ammonia, heavy metals, hydrocarbons, and 
other organic compounds such as pesticides (Neff et al., 2000). This study will consider 
the effects of oil related activities such as drilling exploration that produce drilling mud 
and crude oil.   
 
2.2 Potential Toxicants from Oil and Gas Exploration 
 
Three types of drilling mud are commonly used in oil and gas exploration; oil-based 
mud (OBM), synthetic-based mud, and water-based mud (WBM) (Edge et al., 2016). 
Oil-based mud (OBM) is prepared with diesel, kerosene, fuel oil, selected crude oil or 
mineral oil, or low-toxic linear olefins and paraffin.  Typically, OBM contains lime to 
maintain an elevated pH, resist adverse effects of H2S and CO2, and enhance emulsion 
stability (Neff et al., 2000).   
Worldwide, regulations prohibit the discharge of waste containing OBM into the 
marine waters. Such waste is normally shipped onshore for treatment and disposal. The 
biological effects of oil-based muds appear to be higher than those of water-based muds 
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on marine organisms as  the oil-based muds have higher concentrations of PAHs 
(Rodrigues et al., 2010).  Many studies have reported that the oil-based muds affect the 
gills of fishes, bivalves, and coral polyps (Erftemeijer et al., 2012). 
Furthermore, offshore oil exploration, shipping, and transportation have increased the 
number of oil spills in the marine environment (Lari et al., 2016).  Alkanes (straight, 
branched, and cyclic), aromatics (benzene, alkylbenzenes, and naphthalene), and PAHs 
are the major hydrocarbons in crude oil (Xue et al., 2015).  Aromatics among the 
petroleum hydrocarbons, particularly PAHs, are generally thought to be the principal 
determinant of the toxicity of oil to marine organisms (Fernández et al., 2006). 
Polycyclic aromatic hydrocarbons are considered to be responsible for the effects of 
reducing the size at hatch, spinal malformations, pericardium, and yolk sac edemas of 
fish (Carls et al., 2008; Turcotte et al., 2011). 
Oil spills cause significant detrimental effects to marine organisms.  High 
concentrations of toxicants can cause serious damage to the sensitive ecosystem of the 
marine environment (Lari et al., 2016).  
 
2.3 Local Species Arabian Killifish (Aphanius dispar) 
 
The Arabian Killifish (see Figure 1) is commonly found in the coastal areas of the 
Mediterranean Sea, the Red Sea, the Arabian Gulf, and the Arabian Sea (Reichenbacher 
et al., 2009).  The Arabian Killifish has a wide tolerance limit and can survive in both 
freshwater and marine environments with high salinity. The fish is found in some 
9 
 
freshwater ponds and landlocked seas in Egypt and Saudi Arabia, and typically has a 
minimum size of 5 cm and can reach a maximum size of 7-8 cm (Teimori et al., 2011).  
The fish breeds year-round with a slight peak in the breeding season from April to June 
(Carpenter et al., 1997).  
The fish is a potential candidate organism for evaluating toxicity as it is found in large 
numbers in the coastal waters, throughout the year (Teimori et al., 2011). The fish does 
not have any commercial importance in terms of the fisheries industry. However, many 
recent studies have used the Arabian Killifish as an experimental organism in the 
control of mosquito nauplii in streams (Haq and Yadav, 2011) and as a model organism 
for bioassay studies to test the toxicity of discharges from water cooling systems at 
power plants (Saeed et al., 2015).  In the United Arab Emirates, it has been introduced 
into a number of mountain streams, as well as various water ponds to control mosquito 
nauplii (Al-Kahem-Al-Balawi et al., 2008). Many studies have reported that Arabian 
Killifish can be commonly used to determine the toxicity of pesticides and insecticides 
both in Oman (Ba-Omar et al., 2011) and in Pakistan (Shoaib et al., 2012). Saeed et al., 
(2015) have reported the advantages of using the embryos of the Arabian Killifish as a 
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Figure 1. Aphanius dispar with the common names (English: Arabian killifish or 
Arabian pupfish, Arabic: Harsun) (Carpenter et al., 1997) 
 
2.4 Commercial Brine Shrimp (Artemia sp.)  
 
The Brine Shrimp (Artemia sp.) (see Figure 2) is a commonly used salt water organism 
for acute aquatic toxicity tests (Libralato et al., 2016).  The brine shrimp lethality tests 
are extensively used in research and applied toxicology. Many studies have used the 
brine shrimp as an experimental organism as a model species to test the toxicity of 
produced formation water (PFWs)  after separation oil from Bass Strait Platforms, 
(Holdway, 2002), for testing the toxicity of  surfactant (Sodium dodecyl sulfate) has 
been widely applied in cleaning products (Zheng et al., 2006), and as a model species 
for determining the toxicity of drilling fluid components (Yunqian et al., 2009).  
Brine Shrimp can be found in saline and hypersaline aquatic environments and has 
been recorded to be distributed in over 600 coastal and inland sites in the world (Castro 
et al., 2006; Nunes et al., 2006). The cysts are not active and are available in dry 
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condition. Upon immersion in seawater for about 24-30 hours the membrane of the cyst 
will break and rupture releasing the free-swimming nauplii (Muñoz et al., 2008; Asem 
et al., 2010). Some advantages of using Brine Shrimp Artemia sp. in acute aquatic 
toxicity testing are the short duration, cost-effectiveness, and convenience of hatching 
from commercially available cysts (eggs) (Krishnakumar et al., 2007; Libralato et al., 
2016). Other benefits include the well-known biology, morphology, and ecology, ease 
of manipulation in the laboratory conditions, and the small body size allowing culture 






                       
 
 













3.1 The Experimental Design  
 
The local species Arabian Killifish (Aphanius dispar) and the commercial Brine 
Shrimp (Artemia sp.) from Ocean Nutrition, USA, were used to determine the 
detrimental effects of Arabian Light crude oil, WSF of Arabian Light crude oil, 
dispersant of Arabian Light crude, and SPP and Solid Phase (SP) of OBM).  Varying 
concentrations of WSF and SPP (1.5%, 3%, 6%, 12%, 24%, 48%, 96%, and 100%) 
were prepared to determine the LC50 of Arabian Killifish after 96 hours of exposure, 
and the LC50 and EC50 of Brine Shrimp after 48 hours of exposure. Artificial seawater 
without toxicants served as the negative control, and CuSO4 served as the positive 
control.  All the experiments were conducted in a controlled environment (growth 
chamber - Nuve TK 252). Experimental parameters during the experiment were as 
follows: salinity (25-30 PSU for Artemia sp.), (40-45 PSU for Aphanius dispar), 
temperature (21oC±1), and photoperiod (12L:12D). Samples of Arabian Light crude oil 






3.2 Apparatus and Equipment 
 
Details of equipment that were used while taking the Arabian killifish from Tarut Bay, 
Saudi Arabia are Bongo net with the net size 1 mm and fish net 15x10 cm, plastic 
bucket 10L for taking natural seawater, the fish sample transferred into plastic sample 
30x60 and then aerated by oxygen (Oxygen Tank DOT-3 AL-3000). Whilst, the 
equipment that were used on the lab are analytical balance for weighing the sample 
(Precisa XT220A - calibrated on March 2017), count register for counting the number 
of nauplii of Artemia sp., microtiter 300µl (Costar 3516), for conducting the toxicity 
test of Artemia sp.,  thermometer glass, beaker glass ( Schott-Duran 25 ml, 100 ml, 500  
ml, and 1000 ml), separatory funnel (Normax 500 ml, 1000 ml), micropipette 
(Eppendorf 0.1-20 µl, 2-200 µl, and 50-1000 µl), aquarium cylinder glass (2L), 
aquarium glass (45x25 cm), GC-MS (Agilent Technologies 6890 N - calibrated on 
November 2017), microscope (Olympus DP-72, 12.8 megapixel-calibrated on 
September 2017) for taking the picture, digital orbital shaker (Thomas scientific) and  
mud shaker (IKA-Eurostar 200) for shaking the toxicants, magnetic stirrer (VELP 
Scientifica - AREC.T), pH and salinity meter (HI 3512 HANNA Instruments), DO 
meter (HI 2400 HANNA Instruments), aerator pump (Resun LP 60), hand gloves 





3.3 Reagents and Consumables  
 
Details of reagents and consumables that were used during the study are Hexane 
(Sigma Aldrich, USA), Dichloromethane (Sigma Aldrich, USA), Cupric sulfate (Fisher 
scientific, USA), commercial brine shrimp (Ocean Nutrition, USA), commercial reef 
salt powder (Aquaforest, Poland), distilled water, Arabian Light Crude Oil and Oil 
Based Mud. 
 
3.4 Collection of Arabian Killifish (Aphanius dispar) from Tarut Bay, 
Saudi Arabia 
 
Samples of Arabian Killifish, Aphanius dispar were collected from the sea using a 
bongo net with a size of 1 mm and were transferred into a bucket with natural seawater 
(see Figure 3). They were identified according to the method described by (Carpenter 
et al., 1997) in “Living Marine Resources of Kuwait, Eastern Saudi Arabia, Bahrain, 
Qatar, and the United Arab Emirates”. In situ parameters such as temperature, pH, and 
salinity of seawater were measured. The collected fish samples were immediately 
brought in an aerated bag to the laboratory at the Center for Environment & Water at 
the Research Institute of KFUPM.    
In the lab, fishes were acclimatized for 1 hour before being transferred into the 
aquarium containing artificial seawater. The procedure to make artificial seawater is to 
dissolve the salt in the previously prepared demineralized water. Water temperature 
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should be about 24°C. For salinity of 40-45 ppt dissolve about 5.12 kg of salt in 100 
liters of water. Stir the solution vigorously for about 15 minutes. Once the salt is fully 
dissolved and the solution is clear, the saline water is ready to use.   Fish were fed with 


































                        
 
Figure 3. (a) Sampling the local Arabian Killifish (Aphanius dispar) in the coastal 
area in Tarut Bay, KSA using a Bongo net, (b) Juveniles of Arabian Killifish (Aphanius 
dispar) with a length of 0.5 - 1 cm, and (c) Acclimatized Arabian Killifish (Aphanius 






3.5 Preparation of the Solution Test 
 
Samples of Arabian Light crude oil and oil-based mud were obtained from the Drilling 
Department of Saudi Aramco and was immediately shipped to the Ecotoxicology 
Laboratory at KFUPM on blue ice.  Once in the lab, the samples were stored in 
Refrigerator (4oC) until the time of testing.  Composition of Arabian light Crude Oil 
(see Appendix 1), Oil Based Mud (see Appendix 2), and Oil Dispersant (Surfatron – 
Champion Chemical, 2016) (see Appendix 3) are given in the appendices. 
 
3.6 Water Soluble Fraction (WSF) of Arabian Light Crude Oil   
 
The WSF of Arabian Light crude oil was prepared according to the method described 
by (Barron et al., 1999). One part of crude oil (200 ml) was gently mixed with nine 
parts filtered (1800 ml) artificial seawater (vol:vol) in a separating funnel. The 
separating funnel was sealed and mixed using an orbital shaker (Thom Sci Shaker 
3500) at room temperature for 24 hours. After 24 h of shaking, the crude oil was in the 
upper layer above the WSF layer (see Figure 4). The aqueous phase (WSF) has allowed 
to flow into an appropriate storage bottle.  
The separated solution was identified as 100% WSF. Solutions of WSF at other 
concentrations were prepared by the appropriate dilution of 100% WSF solution with 
water. The concentrations of the test solutions used were as follows:1.5%, 3%, 6%, 
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12%, 24%, 48%, 96%, and 100%.  Artificial seawater without toxicants served as the 
















Figure 4. (a) Arabian light crude oil, (b) Mixing of Arabian light crude oil with 
artificial seawater in a horizontal shaker at 500 rpm, and (c) WSF allowed to separate 
from crude oil in a separatory funnel. 
(a) (b) 
(c) 








3.7 Test Solutions of Toxicants Prepared with Arabian Light Crude 
Oil   
 
The toxicants containing Arabian Light crude oil was prepared following the method 
reported by (Ndimele et al., 2010). Arabian light crude oil was directly introduced to 
the artificial seawater (see Figure 5). The concentrations of the test solutions used were: 
0.1, 0.2, 0.4, 0.6, 0.8, and 1 mL of Arabian Light crude oil (specific gravity of Arabian 
Light crude oil: 0.90053 mL-1) in 2 L of the artificial seawater corresponding to 45, 90, 
180, 270, 360, and 450 mgL-1 of Arabian light crude oil, respectively, per liter of 
seawater.  Artificial seawater without toxicants served as the negative control, and 0.2, 
0.39, 0.78, 1.18, 1.57, 3.14, 6.29, 12.57, 25.15, 50.3, 100.6, and 201.2 mgL-1 of CuSO4 








                                                            
Figure 5. Arabian Light crude oil in artificial seawater of 45 PSU salinity. 
 
Mixed Arabian Light crude 
oil and artificial seawater 




3.8 Toxicant Test Solutions of Arabian Light Crude Oil Plus 
Dispersant 
 
Dispersions of Arabian Light crude oil was prepared according to the method reported 
by (Ndimele et al., 2010). The Arabian light crude oil and dispersant Surfatron were 
directly introduced into artificial seawater (see Figure 6). Dispersions with varying 
concentrations were prepared as follows: 0.1, 0.2, 0.4, 0.6, 0.8, and 1 mL of Arabian 
light crude oil plus the dispersant Surfatron (specific gravity of Arabian light crude oil: 
0.90053 mL-1, and Surfatron: 0.99576 mL-1) were added to 2 L of the artificial seawater 
corresponding to 95, 190, 379, 569, 759, 858, 948, and 1356 mgL-1 of Arabian Light 
crude oil plus dispersant, respectively per liter of artificial seawater.   
At the same time, Dispersant only with varying concentrations were prepared as 
follows: 0.1, 0.2, 0.4, 0.6, 0.8, and 1 mL were directly introduced into artificial seawater 
corresponding to 50, 100, 199, 299, 398, and 498 mgL-1, respectively per liter of 
artificial seawater.  Whilst, Artificial seawater without toxicants served as the negative 












                     
                                                                         
Figure 6. Arabian Light crude oil plus dispersant in artificial seawater of 45 PSU. 
 
3.9 Suspended Particulate Phase of Oil-based Mud  
 
The procedure to make the SPP of the oil-based mud is similar to the procedures 
described by (Barron et al., 1999; Nunes et al., 2006).  One part of oil-based mud (200 
ml) was gently mixed with nine parts filtered (1800 ml) artificial seawater (vol:vol) in 
a separating funnel. The separating funnel was sealed, and the contents were mixed 
using an orbital shaker (Thom Sci Shaker 3500) at room temperature for 24 hours (see 
Figure 7).  
After 24 h of shaking, the SPP was in the upper layer. The separated phase containing 
SPP was identified as 100% SPP.  Media with other concentrations of SPP was 
obtained by appropriately diluting 100% SPP with water. The concentrations of used 
were as follows: 1.5%, 3%, 6%, 12%, 24%, 48%, 96%, and 100%. Artificial seawater 
without toxicants served as the negative control and CuSO4 served as the positive 
control. 
Mixed Arabian light crude oil 
plus dispersant and artificial 
seawater 45 PSU 
























Figure 7. (a) OBM (Oil-based Mud), (b) Mixing of OBM with the artificial 














3.10 Solid Phase of the Oil-based Mud  
 
The SP of oil-based mud was prepared according to the method reported by (Nunes et 
al. 2006). The lower layer formed in the preparation of SPP described in Section 3.9 
SP was separated and collected in a glass beaker. The concentrations of the test media 
were: 10000 mg, 100000 mg, 250000 mg, and 750000 mg of SP of oil-based mud in 1 








                     
 
 
Figure 8. (a) Solid Phase of oil-based mud, and (b) Toxicity set up tests with 
different concentration 10000 mgL-1, 100000 mgL-1, 250000 mgL-1, 500000 mgL-1, 








3.11 Lethality (LC50) Test with Arabian Killifish (Aphanius dispar)  
 
The lethality test (LC50) with Arabian Killifish (Aphanius dispar) was conducted in a 
2000 ml glass aquarium under static conditions using juvenile fish of Aphanius dispar 
with a size of 0.5 cm (see Figure 9).  In each of the glass aquariums ten (10) fishes of 
length 0.5 cm were introduced into toxicant solutions of the following concentrations: 
WSF and SPP :1.5%, 3%, 6%, 12%, 24%, 48%, 96% and 100%, SP: 0.01%, 0.1%, 1%, 
10%, 25%, 50%, and 75%, Arabian light crude oil: 45, 90, 180, 270, 360, and 450 mgL-
1, Arabian light crude oil plus dispersant Surfatron: 95, 190, 379, 569, 759, 858, 948, 
and 1356 mgL-1, and the concentration of oil dispersant (Surfatron) tested were: 50, 
100, 199, 299, 398, and 498 mgL-1 
Mortality of fish was observed after 96 hours. Animals were considered dead if they 
did not show any movement during 10 seconds of observation. Lethality rates in each 
of the glass aquariums with different concentrations were recorded, and then the mean 

















Figure 9. (a) Local species Arabian Killifish, Aphanius dispar with a length of 0.5 
-1 cm, and (b) Lethality (LC50) test being conducted in the growth chamber at 21
oC ±1.  
 
3.12 Lethality Test (LC50) with Brine Shrimp (Artemia sp.)  
 
The lethality test (LC50) with Brine Shrimp Artemia sp. was conducted in 300-µl multi-
well plates under static conditions using 30-48-hour old nauplii. Twenty (20) nauplii 
of Artemia sp. were introduced into each well with toxicant solutions of concentrations: 
0.19%, 0.38%, 0.75%,1.50%, 3%, 6%, 12%, and 24% and the mortality of nauplii was 
examined under a microscope (see Figure 10). The nauplii of Artemia sp. was 
considered dead if they did not show any movement during ten (10) seconds of 
observation. Lethality rates in each multi-well plate containing toxicant solutions with 
different concentrations was recorded, and the mean percentage of lethality rates was 






















Figure 10. (a) Hatching of commercial Brine Shrimp (Artemia sp.) cysts, (b) 
Nauplii of Artemia sp. with a size of 470-550 µm, (c) Toxicity test of Artemia sp. 
conducted in a multi-well plate, and (d) Lethality (LC50) test being conducted in 








3.13 Hatching Efficiency (EC50) Test  
 
Experiments on the efficiency of the success of cyst hatching (EC50) was conducted in 
300-µl multi-well plates under static conditions using commercial Artemia salina 
(Ocean Nutrition, USA) (see Figure 11). In each well, twenty (20) cyst Artemia sp. 
were introduced into each well containing toxicant solutions of concentrations: 0.19%, 
0.38%, 0.75%,1.50%, 3%, 6%, 12%, and 24%.   
The hatching efficiency (EC50) test was considered complete if the nauplii of Artemia 
salina did not emerge from the egg membranes and has considered to be affected due 
to toxicants. The unhatched cysts in each well with different toxicant concentrations 





























Figure 11. (a) Commercial Brine Shrimp (Artemia sp.) cysts, (b) Cysts of Artemia 
sp. with a size of 200-250 µm, (c) The Hatching efficiency (EC50) test conducted in a 
multi-well plate, and (d) Hatching efficiency (EC50) test being conducted in the growth 







3.14 Chemical Analysis 
 
Samples of Arabian Light crude oil and oil-based mud were analyzed using an Agilent 
Technologies 6890N gas chromatograph (GC-MS) according to the US EPA method 
8015 in a chemistry laboratory of Center for Environment & Water at KFUPM-RI (see 
Figure 12). The purpose of the chemical analysis was to determine the concentration 
of PAHs in the samples. 
PAHs analysis in Arabian Light crude oil was prepared as follow: about 0.4 grams of 
Arabian Light crude oil was dissolved in Hexane (about 1.5 ml). The solution was 
passed thru column for separation of PAHs.  Eluate for PAHs was concentrated to about 
3 ml and solvent exchange by adding 5 ml hexane and was further concentrated to a 
volume of about 1.5 ml. Whilst, WSF and SPP were prepared as follow: an amount of 
100 ml of samples were extracted by using a separatory funnel with 1:1 
(dichloromethane: hexane, 15 ml for three times). And then, the samples were 
concentrated to about 3 ml and solvent exchange by adding 5 ml hexane and were 
further concentrated to a volume of about 1.0 ml.  
PAHs analysis in Oil Based-Mud and Oil Dispersant were prepared as follow: about 1 
to 5 grams of samples was extracted by Ultrasonic extraction with 1:1 
(dichloromethane: hexane, 10 ml for three times). And then, the samples were 
concentrated to about 3 ml and solvent exchange by adding 5 ml hexane and were 
further concentrated to a volume of about 1.0 ml. 
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Then 2 µl of all samples were injected into the GC-MS for PAHs analysis.  Analysis 
by GC-MS, ion selected are: masses 128, 142, 152, 154, 166, 178, 202, 228, 252, 276, 









Figure 12. (a) Weighing the Arabian Light crude oil, oil-based mud, and dispersant 
(b) Column chromatography performed in the chemistry lab to separate individual 








(a) (b) (c) 
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3.15 Observation during the Test 
 
In the LC50 fish testing, the test solution in each aquarium was renewed every 24 hours. 
Set the temperature in the growth chamber in accordance with the 21±1o C during the 
experiment. The glass thermometer is placed inside the growth chamber as a quality 
control to ensure that the set temperature is equal to the desired conditions during the 
experiment. 
 
3.16 Data Analysis 
 
Lethal and effective concentrations (LC50/EC50) were estimated by fitting two 






4.1.  Lethality (LC50) Test of Arabian Killifish Aphanius dispar  
Lethality test of Arabian Killifish (Aphanius dispar) in acute toxicity (LC50) studies 
used Arabian light crude oil (ALCO), Water Soluble Fraction of ALCO, Oil-Based 
Mud (OBM), Suspended Particulate Phase (SPP) of OBM, and CuSO4 as the positive 
control. 
 
4.1.1 Determination of LC50 in CuSO4 as the Positive Control 
 
CuSO4 served as the positive control for the lethality (LC50) test with Arabian Killifish 
Aphanius dispar. In each glass aquarium, 10 individuals of Arabian Killifish were 
added, and the test was conducted in three replicates. The concentration of CuSO4 used 
to determine the LC50 of the Arabian Killifish at 96 hours were 0.2, 0.39, 0.78, 1.18, 
1.57, 3.14, 6.29, 12.57, 25.15, 50.3, 100.6, and 201.2 mgL-1 (see Table 3). The LC50 of 
Arabian Killifish (Aphanius dispar) exposed to CuSO4 for 96 hours as the positive 
control is 29.65 mgL-1 (95% Lower Conf. Limit: 1.067; 95% Upper Conf. Limit: 
3.703).  The calculation of LC50 by using SPSS with 95% confidence limit can be seen 








Number of death Average 
a b c   
0.2 0 0 0 0 
0.39 0 0 0 0 
0.78 0 0 0 0 
1.18 0 0 0 0 
1.57 0 0 0 0 
3.14 0 0 0 0 
6.29 0 0 0 0 
12.57 3 3 2 2.67 
25.15 5 4 5 4.67 
50.3 7 8 6 7 
100.6 8 8 9 8.33 
201.2 10 10 10 10 
 
 
4.1.2 Determination of LC50 in Arabian Light Crude Oil  
 
Ten individuals of Arabian Killifish were placed in each glass aquarium, and the test 
was conducted in three replicates. The concentration of Arabian Light crude oil (see 
Table 2) used to determine the LC50 of Arabian Killifish after 96 hours were: 45, 90, 
180, 270, 360, and 450 mgL-1 (see Table 3). All Arabian Killifish exposed to Arabian 






Table 2. The Concentration of The Arabian Light Crude Oil Test Solution 
 
Specific gravity of Crude Oil is 0.90053 g 
Concentration (ml) in 2L gL-1 mgL-1 
0.1 2 0.045 45 
0.2 2 0.090 90 
0.4 2 0.180 180 
0.6 2 0.270 270 
0.8 2 0.360 360 
1 2 0.450 450 
 
 




[mgL-1] Number of death Average 
a b c 
0.1 45 0 0 0 0 
0.2 90 0 0 0 0 
0.4 180 0 0 0 0 
0.6 270 0 0 0 0 
0.8 360 0 0 0 0 
1 450 0 0 0 0 
 
4.1.3 Determination of LC50 in Arabian Light Crude Oil Plus 
Dispersant  
 
Ten individuals of Arabian Killifish were placed in each glass aquarium containing the 
test solutions, and the tests were conducted in three replicates. The concentration of 
Arabian light crude oil (see Table 2) plus oil dispersant (Surfatron) (see Table 4) tested 
were: 95, 190, 379, 569, 759, 858, 948, and 1356 mgL-1 (see Table 5). The LC50 of 
local Arabian Killifish (Aphanius dispar) exposed to Arabian light crude oil plus oil 
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dispersant (Surfatron) for 96 hours is 164.2 mgL-1 (95% Lower Conf. Limit: -1.227; 
95% Upper Conf. Limit: 6.925).  The calculation of LC50 using SPSS with 95% 
confidence limit can be seen in Appendix 5. 
 
Table 4. The Concentrations of the Oil Dispersant (Surfatron) Test Solutions 
 
Specific gravity of Oil Dispersant is 0.99576 
Concentration (ml) in 2L gL-1 mgL-1 
0.1 2 0.050 50 
0.2 2 0.100 100 
0.4 2 0.199 199 
0.6 2 0.299 299 
0.8 2 0.398 398 
1 2 0.498 498 
2 2 0.996 996 
 
 




[mgL-1] Number of death Average 
a b c 
0.1+0.1 95 2 3 2 2.3 
0.2+0.2 190 7 6 6 6.3 
0.4+0.4 379 8 7 8 7.7 
0.6+0.6 569 9 10 9 9.3 
0.8+0.8 759 10 10 10 10.0 
0.8+1 858 10 10 10 10.0 
1+1 948 10 10 10 10.0 







4.1.4 Determination of LC50 in Oil Dispersant  
 
Ten individuals of Arabian Killifish were placed in each glass aquarium containing the 
test solutions, and the tests were conducted in three replicates. The concentration of oil 
dispersant (Surfatron) (see Table 4) tested were: 50, 100, 199, 299, 398, and 498 mgL-
1 (see Table 6). The LC50 of local Arabian Killifish (Aphanius dispar) exposed to oil 
dispersant for 96 hours is 262.9 mgL-1 (95% Lower Conf. Limit: 1.426; 95% Upper 
Conf. Limit: 7.953).  The calculation of LC50 using SPSS with 95% confidence limit 
can be seen in Appendix 6. 
 




[mgL-1] Number of death Average 
a b c 
0.1 50 1 0 0 0.33 
0.2 100 1 1 0 0.67 
0.4 199 3 4 4 3.67 
0.6 299 5 6 6 5.67 
0.8 398 8 7 6 7.00 
1 498 10 10 10 10.00 
 
 
4.1.5 Determination of the LC50 in the Solid Phase of Oil-based Mud  
 
Ten individuals of Arabian Killifish were placed in each glass aquarium containing test 
solutions of the following concentrations of Solid Phase of oil-based mud:10000 mg, 
100000 mg, 250000 mg, 500000 mg, and 750000 mg into 1L of artificial seawater (see 
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Table 7).  The LC50 of local species Arabian Killifish (Aphanius dispar) exposed to SP 
of the oil-based mud for 96 hours is 137565.4 mgL-1 (95% Lower Conf. Limit: 1.116; 
95% Upper Conf. Limit: 5.247). The calculation of LC50 using SPSS with 95% 
confidence limit can be seen in Appendix 7. 
Table 7. Results of the LC50 Test in the Solid Phase of Oil-based Mud 
 
Concentration  Number of death Average 
(mgL-1) a b c   
10000 1 1 1 1 
100000 4 3 4 3.7 
250000 9 8 9 8. 7 
500000 10 9 9 9.3 
750000 10 10 10 10 
 
4.1.6 Determination of the LC50 in the Water-Soluble Fraction of 
Arabian Light Crude Oil 
 
Ten individuals of Arabian Killifish were placed in each glass aquarium containing the 
water-soluble fraction of Arabian Light crude oil and the test was conducted in 3 
replicates.  The concentration of Arabian Light crude oil used were: 1.5%, 3%, 6%, 
12%, 24%, 48%, 96%, and 100% (see Table 8).  After 96 hours, all local species 




Table 8. Results of the LC50 Test in the Water-Soluble Fraction of Arabian Light 
Crude Oil 
 
Concentration Number of death Average 
(%) a b c   
1.50% 0 0 0 0 
3% 0 0 0 0 
6% 0 0 0 0 
12% 0 0 0 0 
24% 0 0 0 0 
48% 0 0 0 0 
96% 0 0 0 0 
100% 0 0 0 0 
 
4.1.7 Determination of the LC50 in the Suspended Particulate Phase 
of Oil-based Mud 
 
Ten individuals of Arabian Killifish were placed in each glass aquarium containing 
SPP of oil-based mud, and the test was conducted in three replicates. The concentration 
of the SPP of oil-based mud tested were: 1.5%, 3%, 6%, 12%, 24%, 48%, 96%, and 
100% (see Table 9). After 96 hours of exposure, all Arabian Killifish (Aphanius dispar) 






Table 9. Results of the LC50 Test in the Suspended Particulate Phase of Oil-
Based Mud 
 
Concentration Replicates Average 
(%) a b c   
1.50% 0 0 0 0 
3% 0 0 0 0 
6% 0 0 0 0 
12% 0 0 0 0 
24% 0 0 0 0 
48% 0 0 0 0 
96% 0 0 0 0 
100% 0 0 0 0 
 
4.2.  Lethality (LC50) Test of Brine Shrimp Artemia sp.  
4.2.1 Determination of LC50 in CuSO4 as the Positive Control 
Twenty individuals of the Brine Shrimp Artemia sp. were placed in each micro-well 
plate containing the test solution. The concentration of CuSO4 tested were: 0.98, 1.96, 
3.93, 7.86, 15.72, 31.43, 62.87, and 125.74 mgL-1 (see Table 10). The LC50 of 
commercial Brine Shrimp (Artemia sp.) exposed to CuSO4 for 48 hours as the positive 
control is 10.23 mgL-1 (95% Lower Conf. Limit: 1.034; 95% Upper Conf. Limit: 










Number of death Average 
a b c d e   
0.98 1 0 0 1 1 0.6 
1.96 3 2 1 3 2 2.2 
3.93 5 4 3 4 3 3.8 
7.86 11 11 10 10 11 10.6 
15.72 15 16 15 15 15 15.2 
31.43 16 16 15 16 15 15.6 
62.87 17 17 16 16 16 16.4 
125.74 18 18 18 19 20 18.6 
 
 
4.2.2 Determination of the LC50 in the Water-Soluble Fraction of 
Arabian Light Crude Oil 
 
Twenty individuals of the Brine Shrimp Artemia sp. were placed in each micro-well 
plate containing WSF test solutions of Arabian Light crude oil. The concentrations 
tested were: 1.5%, 3%, 6%, 12%, 24%, 48%, 96% and 100% (see Table 11).  The LC50 
of commercial Brine Shrimp (Artemia sp.) exposed to WSF of Arabian Light crude oil 
for 48 hours was not calculated as some of the animals stayed alive even in the 




Table 11. Results of LC50 Test in the Water-Soluble Fraction of Arabian Light 
Crude Oil 
 
Concentration Number of death Average 
(%) a b c d e   
1.50% 1 1 0 0 1 0.6 
3% 1 1 1 0 1 0.8 
6% 1 1 1 0 2 1 
12% 2 2 1 1 2 1.6 
24% 3 2 1 2 2 2 
48% 3 2 2 3 2 2.4 
96% 5 5 4 4 5 4.6 
100% 5 6 4 4 5 4.8 
 
4.2.3 Determination of the LC50 in the Suspended Particulate Phase 
of Oil-based Mud 
 
Lethality (LC50) test of Brine Shrimp Artemia sp. in the suspended particulate phase of 
oil-based mud was conducted.  Twenty individuals of the Brine Shrimp Artemia sp. 
were placed in each micro-well plate containing the toxicants and the test was 
conducted in five replicates.  Media concentration of SPP of oil-based mud in the range 
of 1.5%, 3%, 6%, 12%, 24%, 48%, 96%, and 100% (see Table 12) was prepared to 
determine the LC50 of the Brine Shrimp Artemia sp. The LC50 of commercial Brine 
Shrimp (Artemia sp.) exposed to the SPP of oil-based mud for 48 hours is 36.8% (95% 
Lower Conf. Limit: -1.91; 95% Upper Conf. Limit: 2.383).  The calculation of LC50 
using SPSS with 95% confidence limit can be seen in Appendix 9. 
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Table 12. Results of the LC50 Test in the Suspended Particulate Phase of Oil-Based 
Mud 
Concentration Number of death Average 
(%)      a b c d e   
1.50% 4 4 4 3 4 3.8 
3% 6 6 5 5 6 5.6 
6% 7 6 6 8 8 7 
12% 8 9 8 8 9 8.4 
24% 9 10 9 11 10 9.8 
48% 10 12 11 12 11 11.2 
96% 15 15 15 14 14 14.6 
100% 15 16 16 15 16 15.6 
 
 
4.3.  Hatching Efficiency (EC50) Test of Brine Shrimp Cysts 
4.3.1 Determination of the EC50 in the Suspended Particulate Phase 
(SPP) of Oil-Based Mud 
 
The un-hatched efficiency (EC50) test of cysts of Brine Shrimp Artemia sp. was 
conducted in the SPP of oil-based mud. Twenty cysts of the Brine Shrimp Artemia sp. 
were placed in each micro-well plate containing the toxicants and the test was 
conducted in five replicates. The variation of Media with a concentration of the SPP of 
oil-based mud in the range of 0.19%, 0.38%, 0.75%,1.50%, 3%, 6%, 12%, and 24% 
(see Table 13) were prepared to determine the un-hatched efficiency (EC50) of cysts of 
Brine Shrimp Artemia sp. The EC50 of the cysts of the commercial Brine Shrimp 
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(Artemia sp.) exposed to the SPP of oil-based mud for 48 hours is 5% (95% Lower 
Conf. Limit: 0.446; 95% Upper Conf. Limit: 8.735).  The calculation of EC50 using 
SPSS with 95% confidence limit can be seen in Appendix 10. 
 
Table 13. Results of the EC50 test in the SPP of Oil-based Mud 
 
Concentration Number of un-hatched Average 
(%) a b c d e 
0.19% 9 9 9 9 9 9 
0.38% 10 9 10 10 10 9.8 
0.75% 10 10 10 11 11 10.4 
1.50% 11 11 11 11 11 11 
3% 11 11 12 12 11 11.4 
6% 15 15 16 16 15 15.4 
12% 20 20 20 20 20 20 
24% 20 20 20 20 20 20 
 
4.3.2 Determination of the EC50 in the Water-Soluble Fraction (WSF) 
of Arabian Light Crude Oil  
 
The un-hatched efficiency (EC50) test of the cysts of Brine Shrimp Artemia sp.in the 
WSF of Arabian Light crude oil was conducted.  Twenty cysts of the Brine Shrimp 
Artemia sp. were placed in each micro-well plate containing the toxicants and the test 
was conducted in five replicates. Solutions of the WSF of Arabian Light crude oil with 
concentration in the range of 0.19%, 0.38%, 0.75%,1.50%, 3%, 6%, 12%, and 24% 
(see Table 14) were prepared to determine the EC50 of cysts of the Brine Shrimp 
Artemia sp.  The EC50 of the cysts of the commercial Brine Shrimp (Artemia sp.) 
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exposed to the WSF of Arabian Light crude oil for 48 hours is 5.92% (95% Lower 
Conf. Limit: 0.403; 95% Upper Conf. Limit: 8.440).  The calculation of EC50 using 
SPSS with 95% confidence limit can be seen in Appendix 11. 
 
Table 14. Results of the EC50 test in the Water-Soluble Fraction of Arabian Light 
Crude Oil 
 
Concentration Number of un-hatched Average 
(%) a b c d e 
0.19% 9 9 9 9 9 9 
0.38% 10 9 10 10 10 9.8 
0.75% 10 10 10 11 11 10.4 
1.50% 11 11 11 11 11 11 
3% 11 11 12 12 11 11.4 
6% 15 15 16 16 15 15.4 
12% 20 20 20 20 20 20 
24% 20 20 20 20 20 20 













4.4.  Results of Chemical Analyses  
 
Table 15. Constituents of Arabian Light Crude Oil (ALCO), WSF of Arabian Light 
Crude Oil, Oil-Based Mud (OBM) and SPP of Oil-Based Mud (OBM) 
 
No PAHs Identity in ppb (ng/ml) 
ALCO WSF of 
ALCO 
OBM SPP of 
OBM 
1 Naphthalene 5148.5 21.5 68730 98.4 
2 Methyl-Naphthalene 13778.6 16.9 136665 184 
3 Acenaphthylene 2780.4 - 1477 - 
4 Acenaphthene 242.3 - 5304 13 
5 Fluorene 881.7 - 6743 5.21 
6 Phenanthrene 2473 1.15 15988 3.32 
7 Anthracene 264 - 7599 21.8 
8 Fluoranthene 525.2 - 873 - 
9 Pyrene 703 - 6718 - 
10 Benzo(a)-anthracene 259 - 95 - 
11 Chrysene 322 - 442 5.11 
12 Benzo(b)-fluoranthene - - 563 3.08 
13 Benzo(k)-fluoranthene - - 66 3.5 
14 Benzo(a)-pyrene - - 192 3.59 
15 Indeno(1,2,3cd)-pyrene - - 150 1.6 
16 Dibenzo(a,h)-
anthracene 
- - 109 1.4 
17 Benzo(g,h,i)-perylene - - 183 1.57 






Table 16. PAHs Concentration in Arabian Light Crude Oil plus Dispersant 
 
No PAHs Identity in ppb (ng/ml) 
A B C D E F G H 
1 Naphthalene - - - - 1.38 3.57 8.65 2.76 
2 Methyl-
Naphthalene 
- - 1.69 2.79 6.16 13.66 31.13 10.48 
3 Acenaphthylene - - - - - - - - 
4 Acenaphthene - - - - - - - - 
5 Fluorene - - - - - 1.66 3.07 1.25 
6 Phenanthrene - - - - 1.37 2.58 5.17 2.16 
7 Anthracene - - - - - - - - 
8 Fluoranthene - - - - - - - - 
9 Pyrene - - - - - - - - 
10 Benzo(a)-
anthracene 
- - - - - - - - 
11 Chrysene - - - - - 1.47 - 1.94 
12 Benzo(b)-
fluoranthene 
- - - - - - - - 
13 Benzo(k)-
fluoranthene 
- - - - - - - - 
14 Benzo(a)-pyrene - - - - - - - - 
15 Indeno(1,2,3cd)-
pyrene 
- - - - - - - - 
16 Dibenzo(a,h)-
anthracene 
- - - - - - - - 
17 Benzo(g,h,i)-
perylene 
- - - - - - - - 
18 Total PAHs 0.00 0.00 1.69 2.79 8.91 22.93 48.01 18.59 
 
Note: Concentration of Arabian Light Crude Oil: Dispersant (v: v);  
A = 0.1 ml + 0.1 ml, B= 0.2 ml + 0.2 ml, C= 0.4 ml + 0.4 ml, D= 0.6 ml + 0.6 ml, E= 
0.8 ml + 0.8 ml, F= 0.8 ml + 1ml, G= 0.8 ml + 2 ml, H=1 ml + 1 ml 
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Table 17. PAHs Concentration of Solid Phase of Oil-Based Mud in Artificial 
Seawater 
 
No PAHs Identity in ppb (ng/ml) 
A B C D E 
1 Naphthalene - 5.54 13.85 27.69 41.54 
2 Methyl-
Naphthalene 
- 9.41 23.53 47.05 70.58 
3 Acenaphthylene - - - - - 
4 Acenaphthene - - 1.13 2.26 3.39 
5 Fluorene - - 1.57 3.14 4.70 
6 Phenanthrene - - 1.53 3.05 4.58 
7 Anthracene - - - - - 
8 Fluoranthene - - - - - 
9 Pyrene - - - - 1.05 
10 Benzo(a)-
anthracene 
- - - - - 
11 Chrysene - - - - 1.13 
12 Benzo(b)-
fluoranthene 
- - - - - 
13 Benzo(k)-
fluoranthene 
- - - - - 
14 Benzo(a)-pyrene - - - - - 
15 Indeno(1,2,3cd)-
pyrene 
- - - - - 
16 Dibenzo(a,h)-
anthracene 
- - - - - 
17 Benzo(g,h,i)-
perylene 
- - - - - 
18 Total PAHs 0.00 14.95 41.59 83.19 126.97 
 
Note: Concentration of Oil-Based Mud in 1L of Artificial seawater  
A = 10000 mgL-1, B = 100000 mgL-1, C = 250000 mgL-1, D = 500000 mgL-1,  
E = 750000 mgL-1 
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Table 18. Water Solubilities of PAHs 
 
No PAHs Identity Solubilities of PAHs 
T(oC) Solubility 
(µmolL-1) 
1 Naphthalene 25 249 
2 Methyl-Naphthalene 25 - 
3 Acenaphthylene 25 - 
4 Acenaphthene 25 29 
5 Fluorene 25 11 
6 Phenanthrene 25 7.2 
7 Anthracene 25 0.37 
8 Fluoranthene 25 1.2 
9 Pyrene 25 0.72 
10 Benzo(a)-anthracene 25 0.048 
11 Chrysene 25 0.013 
12 Benzo(b)-fluoranthene 25 0.006 
13 Benzo(k)-fluoranthene 25 0.003 
14 Benzo(a)-pyrene 25 0.016 
15 Indeno(1,2,3cd)-pyrene 25 0.00069 
16 Dibenzo(a,h)-anthracene 25 0.0020 
17 Benzo(g,h,i)-perylene 25 0.0020 
  





The local species Arabian Killifish (Aphanius dispar) was used to determine the 
detrimental effects of the Arabian light crude oil, WSF (water-soluble fraction) of 
Arabian Light crude oil, Arabian Light crude oil plus dispersant, the SPP of oil-based 
mud and the SP of oil-based mud (OBM) for 96 hours of exposure. In addition, the 
commercial Brine Shrimp Artemia sp were used to determine the detrimental effects of 
the WSF of Arabian Light crude oil, and the SPP of oil-based mud.   
According to the (USEPA, 2002) guidelines for acute toxicity testing of fish, fish 
caught in the wild can be used for toxicity testing if size, age, and source requirements 
are satisfied. These requirements are as follows; The longest should not be more than 
twice the length of the shortest. The fish must be of the same size, originate from the 
same source and population, and fish may not be fed during the treatment period (acute 
testing must be performed for a minimum of 96 h). 
In the first of experiment, this study focused on WSF and SPP as the toxicants. Media 
with concentrations of WSF and SPP in the range of 1.5%, 3%, 6%, 12%, 24%, 48%, 
96%, and 100% were prepared to determine the LC50 of Arabian Killifish. During the 
experiments, an aerator pump was used to create conditions similar with the natural 
conditions of the original ecosystem under controlled conditions inside the laboratory. 
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The results do not show a significant mortality rate among the juveniles of Arabian 
killifish (Aphanius dispar). This may be due to the concentration of toxic compounds 
(total PAHs) in WSF of Arabian light crude oil (39.55 ng/ml), and SPP of oil-based 
mud (345.58 ng/ml) was not high enough to kill the Arabian killifish for an exposure 
of 96 hours.  Another reason that makes the low rate of mortality of Aphanius dispar 
in this experiment is the low solubility of PAHs in the artificial seawater (see Table 
18). 
Similar results have been obtained by (Agamy, 2013), who showed that the mortality 
rate is not significant among juveniles of Rabbit fish Siganus canaliculatus exposed to 
3--100% of the WSF of Arabian Light crude oil from Sharjah, UAE (United Arab 
Emirate). Further research shows that the 96-hour LC50 could not be calculated as 
deaths did not occur during the test of the WSF of a Nigerian light crude oil on Clarias 
gariepinus (Makinde, 2015). 
Thus, the thesis experiment method was changed following other references and the 
experiments for estimating the toxicity of Arabian light crude oil and oil-based mud 
was modified. The Arabian light crude oil and Arabian light plus dispersant were 
prepared according to the method reported by (Ndimele et al., 2010).  And the SP of 
oil-based mud was prepared according to the method reported by (Nunes et al., 2006) 
In the second experiment, the Arabian Light crude oil was directly introduced to 
artificial seawater at different concentration. The test solutions were prepared with 0.1, 
0.2, 0.4, 0.6, 0.8, and 1 mL of Arabian Light crude oil (specific gravity of Arabian light 
crude oil: 0.90053 mL-1) in 2 L of the artificial seawater corresponding to 45, 90, 180, 
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270, 360, and 450 mgL-1 of Arabian light crude oil, respectively, per liter of seawater. 
Ten individuals of Arabian Killifish were placed in each glass aquarium, and the tests 
were conducted in three replicates. As none of the local species (Aphanius dispar) died 
in 96 hours of exposure to Arabian Light crude oil an LC50 could not be calculated.    
Due to the immiscibility of Arabian Light crude oil and seawater, they separate into 
two phases in the aquarium even after vigorous stirring. Hence, the toxicants in the 
Arabian Light crude do not dissolve in natural seawater (Lessard and DeMarco, 2000; 
Manahan, 2010). This conclusion is supported by the results of the chemical analysis, 
which indicates that the total concentration of PAHs in Arabian light crude oil is 
27377.7 ng/ml, while it is only 39.55 ng/ml in artificial seawater.  The toxic compounds 
(total PAHs) in Arabian light crude oil cannot properly dissolve in the artificial 
seawater. Thus, the total concentration of PAHs in artificial seawater (39.55 ng/ml) is 
not high enough to kill the Arabian killifish in the 96-hour experiment.   
Furthermore, the Arabian killifish can survive in solutions of toxic compounds due to 
its specific adaptation to the harsh conditions in the Arabian Gulf.  Other species may 
respond quite differently to solutions of toxicants depending on the type of species and 
the ecosystem where they live (Maltby et al., 2005).   
In the third experiment, Arabian light crude oil and a dispersant (Surfatron) were 
directly introduced to the artificial seawater at different concentrations. Volumes of 
0.1, 0.2, 0.4, 0.6, 0.8, and 1 mL of Arabian Light crude oil and the dispersant Surfatron 
(specific gravity of Arabian light crude oil: 0.90053 mL-1, and dispersant Surfatron: 
0.99576 mL-1) were added separately to 2 L of artificial seawater corresponding to 95, 
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190, 379, 569, 759, 858, 948, and 1356 mgL-1 of Arabian light crude oil plus dispersant 
per liter of artificial seawater. 
Ten individuals of Arabian Killifish (Aphanius dispar) were placed in each glass 
aquarium containing the toxicants, and the test was conducted in three replicates. The 
LC50 of local species (Aphanius dispar) exposed to Arabian light crude oil plus oil 
dispersant Surfatron for 96 hours is 164.19 mgL-1 and 262.90 mgL-1 for Dispersant 
only (see Table 19). Based on the calculations performed using Software SPSS, the 
values of LC50 obtained are indicated in Table 19. 
 
Table 19. Result for LC50 of Local Species Arabian killifish Aphanius dispar 
exposed to toxicants calculated using SPSS 
 
No Aphanius Dispar 
Toxicants LC50 y R
2 
Linear 
1 LC50 of CuSO4 29.65 mgL-1 y= -2.57+1.78*x 0.996 
2 LC50 of ALCO + 
Dispersant 
164.19 mgL-1 y=-5.89+2.65*x 0.962 
3 LC50 of Dispersant 262.90 mgL
-1 y=-6.75+2.78*x 0.968 
4 LC50 of Solid Phase 
of OBM 
137565.36 mgL-1 y=-8.12+1.66*x 0.92 
 
Dispersant Surfatron is produced by Nalco-Champ, USA with the following 
composition; petroleum naphtha (30-60%), light aromatic solvent naphtha (30-60%), 
ethanolamine-organic acid salt (30-60%), 1,2,4 trimethyl-benzene (10-30%), and other 
ingredients (see Appendix 3). The dispersant can be attracted to both Arabian light 
crude oil and artificial seawater because one end which is hydrophilic (or ‘water-
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loving’) can attach to water molecules, and the other end which is hydrophobic can 
attach to organic molecules in Arabian light crude oil (Lessard and DeMarco, 2000; 
Technologies, 2009). Oil dispersant Surfracton induces changes in the concentration of 
polycyclic aromatic hydrocarbons (PAHs) in the aqueous phase, which affects the 
mortality of Arabian Killifish in this experiment. Similar results were obtained by 
(Couillard et al., 2005) who showed that dispersed-Mesa light crude oil affected larval 
survival, body length, or ethoxyresorufin-O-deethylase (EROD) activity of Fundulus 
heteroclitus. 
Dispersant Corexit EC9500 increases the solubility of crude oil in water so that the 
toxic compounds in the crude oil can dissolve completely. It increased the uptake of 
PAHs by rainbow trout fish (Oncorhynchus mykiss) exposed to crude oil 
(Ramachandran et al., 2004). Other studies have shown that Corexit 9500 increases the 
solubility of Iraqi crude oil in water. Dispersed oil is more toxic to larvae of common 
carp (C. Carpio), Carassin (C. auratus) and grass carp (C. idella) than floating oil 
(Farid et al., 2016). 
In the fourth experiment, the SP of oil-based mud was tested to the local Arabian 
killifish Apahanius dispar with several concentrations; 10000 mg, 100000 mg, 250000 
mg, 500000 mg, and 750000 mg of Oil-Based Mud per liter of seawater. The LC50 of 
local species (Aphanius dispar) exposed to the SP of oil-based mud for 96 hours is 
137565.36 mgL-1 (see Table 19).  
Artificial seawater 45 PSU salinity without toxicants was used as the negative control, 
while CuSO4 was used as the positive control. In the negative control (artificial 
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seawater without toxicants) response is not expected. On the other hand, in the positive 
control (CuSO4) a known response is expected (Mitchell et al., 2008). 
CuSO4 was used as the positive control for the Arabian Killifish Aphanius dispar 
lethality (LC50) test. Ten individuals of the Arabian Killifish were placed in each glass 
aquarium containing CuSO4 solutions, and the test was conducted in three replicates.  
Solutions of CuSO4 with a of concentration of 0.2, 0.39, 0.78, 1.18, 1.57, 3.14, 6.29, 
12.57, 25.15, 50.3, 100.6, and 201.2 mgL-1 were prepared to determine the LC50 of the 
Arabian Killifish. The LC50 of local species Arabian Killifish (Aphanius dispar) 
exposed to the positive control CuSO4 for 96 hours is 29.65 mgL
-1 (see Table 19). 
In the fifth experiment, the lethality test (LC50) of Brine Shrimp Artemia sp. was 
conducted in 300-µl multi-well plates under static conditions using 30-48-hour old 
nauplii. Twenty nauplii of Artemia sp. were placed in each well containing varying 
concentrations of the WSF of Arabian Light crude oil and the SPP of oil-based mud 
(1.5%, 3%, 6%, 12%, 24%, 48%, 96% and 100%). The lethality of nauplii of Artemis 
sp. was examined under a microscope. The nauplii of Artemia sp. was considered dead 
if they did not show any movement during ten (10) seconds of observation.   
The LC50 of commercial Brine Shrimp (Artemia sp.) exposed to the WSF of Arabian 
Light crude oil for 48 hours cannot be calculated due to the mortality is more than 
100%.  Whilst, the LC50 of commercial Brine Shrimp (Artemia sp.) exposed to the SPP 




Table 20. Result for LC50 of commercial Brine shrimp (Artemia sp.) exposed to 
toxicants calculated using SPSS 
 
No Artemia sp. 
Toxicants LC50 y R
2 Linear 
1 LC50 of CuSO4 10.23 mgL
-1 y=-1.65+157*x 0.949 
2 LC50 of SPP of 
OBM 
36.82% y=-1.04+0.81*x 0.962 
 
Other similar studies have shown that LC50 of Brine Shrimp exposed to the WSF of 
US-National oil is 72.1--43.0% (Cavender et al., 1995).  A short-term toxicity test has 
shown that the LC50 of Pink Shrimp Farfantepenaeus duorarum, larvae exposed to the 
WSF of Macondo Canyon (MC) 252 crude oil is > 100 mg/L (Laramore et al., 2016).  
The LC50 of Litopenaeus setiferus exposed to drilling fluids commonly used in 
petroleum perforation, and extraction in the Campeche Sound of the Gulf of Mexico is 
about 475000 to 700000 ppm SPP (Nunes et al., 2006). 
Crude oils or drilling mud pumped from underground reservoirs contain a mixture of 
chemicals that vary greatly depending on the source. Each source of oil produces a 
specific oil with the toxicity levels different from oil from another source. Thus, in the 
toxicity test, different types of toxicants give different results for the value of the 
mortality rate of each species.  Each species responds quite differently to toxicant 
solutions, depending on the type of species and the ecosystem where species live 
(Maltby et al., 2005). 
Same is true for the experiments on the local species Arabian killifish (Aphanius 
dispar). CuSO4 served as the positive control for the lethality (LC50) test of Brine 
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Shrimp (Artemia sp.). The LC50 of commercial Brine Shrimp (Artemia sp.) exposed to 
the positive control CuSO4 for 48 hours is 10.23 mgL
-1 (see Table 2). Artificial 
seawater of 30 PSU salinity without toxicants served as the negative control. 
In the sixth experiment, the lowest concentration (12-24%) in the fifth experiment 
capable of killing the least number of Artemia sp. (1-2 individuals only) was used.  The 
experiments on the efficiency of cyst hatching success (EC50) were conducted in 300-
µl multi-well plates under control conditions using commercial Artemia salina (Ocean 
Nutrition, USA). Twenty cysts of Artemia sp. was placed in each well containing 
varying concentrations of the WSF of Arabian Light crude oil and the SPP of oil-based 
mud (0.19%, 0.38%, 0.75%,1.50%, 3%, 6%, 12%, and 24%). The cyst un-hatched 
efficiency (EC50) test was considered complete if the nauplii of Artemia sp. did not 
emerge from the egg membranes affected by the toxicants.    
The EC50 of the cysts of the commercial Brine Shrimp (Artemia sp.) exposed to the 
WSF of Arabian Light crude oil for 48 hours is 5.95% (see Table 21). PAHs is one of 
chemical that caused detrimental effect in hatching process in Artemia sp.  PAHs 
concentration in 5.95% is equal with 2.35 ng/ml. Whilst, the EC50 of the cysts of the 
commercial Brine Shrimp (Artemia sp.) exposed to the SPP of oil-based mud for 48 





Table 21. Result for EC50 of the cysts of the commercial Brine shrimp (Artemia sp.) 
exposed to toxicants calculated using SPSS 
 
No Artemia sp. 
Toxicants EC50 y R
2 Linear 
1 EC50 of SPP of OBM 5.01% y=0.14+0.48*x 0.771 
2 EC50 of WSF of ALCO 5.95% y=-0.1+0.33*x 0.942 
 
Other similar studies have shown that EC50 of species exposed to the WSF of effluent 
from an oil refinery at Mangalore, India were 40.6% (in the dry season) and 73.4% (in 
the wet season) (Krishnakumar et al., 2007). The EC20s of Mysidopsis bahia exposed 
to the WSF of spilled oil at a coastal California oil field was 0.32 to 5.7 µgL-1. PAHs 
are generally assumed to be the toxic fraction of spilled petroleum.   
The total concentration of PAHs in the WSF of Arabian Light crude oil is 39.55 ng/ml 
and in the SPP of oil-based mud is 345.58 ng/ml, where Methyl-Naphthalene has the 
highest concentration among other PAHs (see Table 15). Naphthalene in the WSF of 
spilled oil at a coastal California oil field oil had the greatest toxicity to Mysidopsis 
bahia in the toxicity tests (Barron et al., 1999). Furthermore, the EC50 of microbial 
toxicity test (bacteria Vibrio fisheri) exposed to the  weathered Arabian medium crude 








Based on the experiments conducted, LC50 of local species (Aphanius dispar) exposed 
to Arabian Light crude oil plus the oil dispersant Surfatron for 96 hours is 164.19 mgL-
1, and LC50 of local species Arabian killifish (Aphanius dispar) exposed to the SP of 
oil-based mud for 96 hours is 137565.36 mgL-1. This study shows that the local species 
Arabian Killifish (Aphanius dispar) can be used for short-term (96 h) toxicity tests 
using the Arabian Light crude oil plus the dispersant Surfatron and the SP of oil-based 
mud. However, the WSF of Arabian Light crude oil and the SPP of oil-based mud do 
not show any mortality in local species Arabian Killifish (Aphanius dispar) for short-
term (96 hours) toxicity testing.   
On the contrary, experiments on the commercial Brine Shrimp (Artemia sp.) show LC50 
of commercial Brine Shrimp (Artemia sp.) exposed to the WSF of Arabian Light crude 
oil for 48 hours is 20,441,370 mgL-1 and the LC50 of commercial Brine Shrimp 
(Artemia sp.) exposed to the SPP of oil-based mud for 48 hours is 170,769.4 mgL-1. 
Furthermore, the short-term (48 hours) toxicity tests show that the EC50 of the cysts of 
the commercial Brine Shrimp (Artemia sp.) exposed to the SPP of Arabian Light crude 
oil for 48 hours is 5.01% and the EC50 of the cysts of the commercial Brine Shrimp 
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(Artemia sp.) exposed to the WSF of Arabian Light crude oil for 48 hours is 5.95%. 
Thus, it can be concluded that the commercial Brine Shrimp (Artemia sp.) can be used 
and is more feasible for short-term toxicity tests on Arabian Light crude oil and oil-
based mud (OBM).  
 
6.2 Future Recommendations 
 
Exposure to crude oil can cause several biological effects including increased mortality, 
early-life stage developmental defects, reduced reproductive capacity, genetic damage, 
impaired immune function and disease resistance, and changes in behavior. Many 
publications have reported that early-life stages (embryos and larvae) of fish are more 
sensitive to oil exposure than adults (Dupuis and Ucan-Marin, 2015; Esenowo and 
Ugwumba, 2010). 
Therefore, I highly recommend that the embryos of the local species Arabian killifish 
(Aphanius dispar) could be evaluated to assess the detrimental and pathological effects 
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Appendix 1 Composition of Arabian Light Crude Oil 
 
No Crude Oil Properties 
1 API GRAVITY 33-34 
2 SEDIMENT CONTEN 0.1 
3 ASTM STABILISED GRAVITY 34.5 
4 Wax-WT PERCENT 2.9 
5 Vanadium ppm V200 11 
6 GROSS HEATING VALUE 19.23 
7 REID VAPOUR PRESSURE 2 
8 SALT CONTENT, PPM NaCl 3.8 
9 SULPHUR, WT PERCENT 1.5 Max 
10 ASH, PPM 100 
11 COMP. CARBON RESIDUE. WT PERCENT 3.1 
12 VISCOCITY, CP 55 
13 POUR POINT 35.0 
(Source: Drilling & Workover Department of Saudi Aramco) 
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Appendix 2 Composition of Oil Based Mud 
Recommended mud receipt in order of addition is as follow: 
No Product Unit 82 pcf 84 pcf Properties Units Value 
1 Safra Oil bbl 0.58 0.57 Density pcf 82-84 
2 Invermul HT or 
equivalent 
gal 1.0-1.5 1.0-1.5 PV cP ALAP* 
3 Lime ppb 6-8 6-8 Yield Point lb/100ft2 22-25 
4 Duratone or 
equivalent 
ppb 10-12 10-12 10 sec.gel lb/100ft2 8-12 
5 Fresh water bbl 0.1 0.1 10 min.gel lb/100ft2 12-16 
6 Geltone/VG 69 
or equivalent 
ppb 6-8 6-8 6 rpm   7-10 
7 EZ Mul or 
equivalent 





< 2 All 
oil 






9 CaCO3 Fine ppb 165 180  OWR   85/15 
10 CaCO3 Med ppb 50 50 ES volts >400 






      




Appendix 3 Composition of Oil Dispersant 
No Name Weight 
(%) 
1 Petroleum Naphtha 30-60 
2 Light aromatic solvent Naphtha 30-60 
3 1,2,4-Trimethylbenzene 10-30 
4 Isopropyl Alcohol 5-10 
5 1,3,5-Trimethylbenzene 5-10 
6 Cumene 1-5 
7 Diethyl benzene 1-5 
8 Benzene, tetra propylene 1-5 
9 Xylene 1-5 















































































































































































Appendix 7 Analysis Result for LC50 of Solid Phase (SP) of Oil-Based 




























































Appendix 8 Analysis Result for LC50 of CuSO4 in the Commercial 















































Appendix 9 Analysis Result for LC50 of Suspended Particulate Phase 








































































Appendix 10 Analysis Result for EC50 of Suspended Particulate 







































































Appendix 11 Analysis Result for EC50 of Water Soluble Fraction 
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